Background: Endometriosis is one of the most commonly encountered benign problems in gynecology. Ultrasound and endocrine parameters have been widely accepted as markers of ovarian reserve. Anti-Mullerian hormone (AMH) in conjugation with antral follicle counts is now believed to be an excellent measure for detecting ovarian reserve. Surgical approach has a fundamental role in the management of endometriosis. The loss of normal follicles can be studied by histopathological assessment of the cyst wall. The postoperative decline in the ovarian reserve is believed to have a correlation with number of endometriomas and diameter of the cyst wall.
INTRODUCTION
Endometriosis is one of the most commonly encountered benign problems in gynecology. Ultrasound and endocrine parameters have been widely accepted as markers of ovarian reserve. Anti-Mullerian hormone (AMH) in conjugation with antral follicle counts (AFCs) is now believed to be an excellent measure for detecting ovarian reserve. 1, 2 Surgical approach has a fundamental role in the management of endometriosis. Laparoscopic cystectomy is currently considered the first-line treatment for endometriomas especially in subfertile patients. The damage to the ovarian reserve inflicted by surgical excision represents the major concern in balancing the reproductive risks and benefits. 3 The inadvertent removal of the ovarian cortex and loss of follicles during excision causes potential damage to the ovarian reserve. However, the safety of cystectomy is still questioned with respect to damage incurred by the operated ovary. 4 The loss of normal follicles can be studied by histopathological assessment of the cyst wall. 5 The diameter of the cyst wall and bilaterality of the cyst influences the postoperative decline in the ovarian reserve. 6 We undertook this present study so as to evaluate the effect of laparoscopic cystectomy on the ovarian reserve parameters.
Our aim was to analyze the decline in AMH and AFC postoperatively as compared with preoperative value, with special reference to size and number of endometriomas. So also to correlate the decline in ovarian reserve parameters (AMH and AFC) with follicle loss on histopathological analysis of the cyst wall.
MATERIALS AND METHODS

Study Design
This study was a prospective observational study, conducted in the Department of Obstetrics and Gynecology in Tertiary Centre from August 2013 to September 2014 in patients with endometrioma requiring cystectomy. ijifm Ethical committee clearance was obtained (IEC 392/ 2013).
Informed consent was obtained from all the participants of the study.
Inclusion Criteria
The criterion was all patients with endometrioma undergoing laparoscopic cystectomy.
Exclusion Criteria
The exclusion criteria were history of previous ovarian surgery, presurgical evidence of premature ovarian insufficiency, clinical or ultrasonographic evidence of ovarian malignancy.
Sample Size Calculation
Hirakawa et al 7 in 2011 published a study on preoperative and postoperative AMH values following cystectomy. They reported that preoperative serum AMH levels were 3.9 ± 2.5 ng/ml (mean ± SD), which declined to 2.1 ng/ml following surgery. We hypothesized that a drop in AMH level by 2 ng/ml would indicate significant decline and hence the sample size was calculated as follows:
Using probability of type 1 error (α) as 0.05 and power of test (1-β) as 0.8 (80%), difference of two means as 2 with expected standard deviation within the group as 2.5, the sample size obtained was 26.
Considering the drop-outs, we decided to recruit 50 patients. There were nine drop-outs and hence 41 patients formed part of the study.
Antral Follicle Counts Estimation
The AFCs were assessed by counting the number of follicles (measuring 2-10 mm) bilaterally using a real time ultrasound, 5.0 to 7.5 MHz endovaginal probe. The parameters were repeated on the second day of their menstrual cycle postoperatively. The ultrasonographic examination was performed by the same examiner on both the occasions to eliminate the interobserver variations. Although the total AFC was assessed, postoperative decline in the AFC was analyzed only in the diseased ovary to eliminate the compensation by unaffected normal ovary.
Anti-Mullerian Hormone Estimation
Anti-Mullerian hormone was estimated by venous blood sample drawn 1 day prior to surgery and the same repeated 1 month postoperatively. Anti-Mullerian hormone estimation was done in the same laboratory using immune chemiluscence method.
Reference value and interpretation (James and Seifer 8 )
AMH value (ng/ml)
Interpretation (ovarian reserve) <1 Low 1-3.5
Mid-range >3.5 Elevated
The laparoscopic endometrioma cystectomy was done by stripping technique and the cyst wall obtained was sent for histopathological analysis. The patients in whom complete cystectomy was not possible and in those in whom only cyst aspiration was done due to dense adhesions were excluded from the study. Cautery was not used in all the cases. In case of excessive hemorrhage, the bipolar coagulation was used for hemostasis; however, the duration of usage of cautery was not quantified. Minimal ooze from the endometrioma bed following excision was managed by a local hemostat (gel foam), in no case suturing was done to control the bleeding. The loss of follicles was assessed by histopathological analysis of cyst wall by the same pathologist based on semiquantitative scale. 9
RESULTS
This study was a prospective observational study consisting of 41 patients, diagnosed to have endometriomas and managed by laparoscopic cystectomy. As summarized in Table 1 , majority of our patients were less than 30 years and more than 85% of them presented with primary infertility. In the present study, the most common age group was between 26 and 30 years.
The ovarian reserve parameters (AMH and AFC) were studied in 41 patients who underwent laparoscopic cystectomy and there was a statistically significant decline Values expressed as: *Mean ± SD; **Percentage in both AMH and AFC postoperatively (p < 0.001) as compared with the preop value as shown in Graph 1. Thus, it was inferred that cystectomy influences the reserve of ovarian follicles. Thirty-five patients had unilateral endometrioma and six had bilateral endometriomas. The mean AMH in unilateral and bilateral endometriomas was 3.9 ± 3.17 and 2.9 ± 1.7 ng/ml respectively. The mean AFC was 5.2 ± 1.5 in unilateral endometriomas and 5 ± 0.8 in bilateral endometriomas. There was a drop in AMH to 2.75 ± 2.02 ng/ml and AFC to 3.5 ± 1.6 in unilateral endometriomas and to 2.14 ± 1.22 ng/ml and 4 ± 1.6 in bilateral endometriomas respectively postoperatively. The incidence of unilateral endometriomas was 85%. It was clear from the observation that the mean AMH and AFC in bilateral endometriomas were lower than that of unilateral endometriomas. As summarized in Table 2 , there was a statistically significant decline in ovarian reserve parameters postcystectomy. Bilateral endometriomas with a poor ovarian reserve to begin with had a further decline postcystectomy.
Out of 41 patients studied, 26 had endometrioma of < 5 cm and the remaining 15 had endometrioma of > 5 cm in size. The mean AMH and AFC in patients with smaller cyst (<5 cm) was 4.5 ± 3.4 ng/ml and 5.2 ± 1.1 respectively, which showed a decline to 3.9 ± 2.18 ng/ml and 3 ± 1.06 in the postoperative period. The mean AMH and AFC in patients with larger cyst (>5 cm) was 2.4 ± 1.2 ng/ml and 5.1 ± 1.6 respectively, which showed a decline to 1.7 ± 0.85 ng/ml and 3.9 ± 1.7 in the postoperative period. As summarized in Table 3 , there was a statistically significant decline in the ovarian reserve parameters postoperatively, the decline being more in the smaller cyst < 5 cm.
Histopathological analysis of the cyst wall was done. The loss of follicles was correlated with AMH and AFC. As summarized in Table 4 , 10 (25%) cysts showed evidence of loss of follicles on histopathological analysis. There was a drop in both AMH and AFC postoperatively. Patients who had loss of follicles (grade 2 and above) on histopathology had relatively more decline in AFC than in AMH. This observation also suggests that the loss of follicles was directly proportional to a drop in AFC that was statistically significant. The decline in AMH was also found to be correlating with AFC and follicle loss on cyst Chang et al 10 analyzed 20 patients (13 endometriomas and 7 nonendometriomas). Anti-Mullerian hormone was measured pre and postoperatively at different intervals (1 week, 1 and 3 months). They found mean AMH of 2.23 ng/ml preoperatively that reduced to 0.67 and 1.14 at 1-week and 1-month intervals respectively. The results were similar in both endometrioma and nonendometrioma groups. It was interesting to know that Chang et al 10 reported an improvement in AMH at 3 months follow-up (mean AMH of 1.5 ng/ml).
In the present study, we showed a decline in AMH 1 month postoperatively. However, subsequent assessment was not possible considering the cost of AMH assay and loss of patient follow-up.
Results of our study were in agreement with the study by Iwase et al 11 , who analyzed 65 patients consisting of 29 endometriomas, 21 nonendometriomas, and 15 leiomyomas. All these patients showed a decrease in AMH 1 month postoperatively.
In the present study, we showed that the mean AMH was low in cysts of > 5 cm. There was a statistically significant decline in AMH irrespective of cyst size. However, the decline was observed to be more in those patients with endometriomas of < 5 cm (Table 3) , which could be because of more damage caused to the surrounding ovarian tissue and also difficulty in identifying the correct plane in the event of removal of a smaller cyst .
For years, a debate has been under way as to the most appropriate surgical technique for endometriomas, comparing the most commonly used techniques: cystectomy, fenestration and bipolar coagulation, or fenestration or laser vaporization of the cyst wall or two or three-step techniques. 12 These techniques are usually evaluated in terms of their effect on the ovarian reserve.
A cochrane review by Hart et al 3 concluded that the excisional surgery for endometriomas had better outcome in terms of recurrence of symptoms, ovarian response to stimulation, and spontaneous pregnancy.
A randomized controlled trial 13 comparing cystectomy and ablation by bipolar coagulation showed a decline in AFC in both techniques. There was a statistically significant decline in cystectomized ovaries than in coagulated ovaries.
Another randomized controlled trial compared the impact of cystectomy and a three-step laser ablation on ovarian reserve markers, mainly AMH. The study showed a statistically significant decline in surgical trauma in a three-step procedure compared with cystectomy alone. 14 Said et al 15 evaluated ovarian reserve following surgical treatment of unilateral ovarian cyst and concluded that stripping technique of removal of cysts is associated with direct trauma to the remaining ovarian cortex with wall analysis; however, the observation was not found to be statistically significant.
DISCUSSION
Endometriosis is considered as the commonest chronic enigmatic disease. Ovarian endometriomas are the commonest form of endometriosis. AMH and AFC are currently believed to be better predictors of ovarian reserve. 1, 2 The gold standard in the treatment of ovarian endometrioma is laparoscopic cystectomy, but the safety of stripping technique of cystectomy is questioned due to its possible deleterious effect on ovarian reserve. 3 The damage to the ovarian reserve inflicted by surgery presents a major concern in the balance between reproductive risks and benefits. 4 The accidental removal of ovarian cortex during cystectomy can be assessed by follicular loss on histopathological analysis of the cyst wall. 5 In the present study, we have analyzed the safety of ovarian cystectomy for endometriomas with respect to number and cyst size, by comparing ovarian reserve parameters (AMH and AFC) before and after cystectomy and also by histopathological analysis of the cyst wall.
As seen in results ( Table 1) , majority of our patients were less than 30 years of age and more than 85% of them presented with primary infertility. The present study showed that the ovarian reserve parameters (AMH and AFC) had a declining trend at 1 month postoperatively (Graph 1). This observation was statistically significant with p-value of < 0.001 applying paired t-test.
Similar to our study, Celik et al 6 analyzed 65 patients with unilateral and bilateral endometriomas who underwent laparoscopic cystectomy. In their study, they also compared the mean cyst diameter of < 5 and > 5 cm with postoperative decline in AMH. They found that the mean AMH was higher in patients with cyst size > 5 cm, which was not correlating with our observation. They found that the decline in AMH was more with bilateral endometriomas and also with cysts > 5 cm. They hypothesized that larger endometriomas may inhibit the transition of follicles from preantral to antral stages and AMH as we know is secreted from the preantral follicles; hence, AMH may be higher in larger endometriomas.
Celik et al 6 showed a significant improvement in AFC at 6th week and 6th month follow-up postoperatively in their analysis of 65 patients with endometrioma.
A study by Hirakawa et al 7 consisting of 38 patients with unilateral and bilateral endometriomas who underwent either laparoscopy or laparotomy cystectomy was analyzed. The serum AMH was evaluated 1 month postoperatively. They concluded that mean AMH in bilateral endometrioms was lower than that of unilateral endometrioma, which was consistent with our observation ( Table 2 ). Similar to our study, they also destruction of the follicles. The damage to the ovary was increased in endometriotic cysts, which was statistically insignificant.
A study by Bhat et al 16 including 73 patients who underwent laparoscopic cystectomy demonstrated an insignificant decline in the AFC 1 month postoperatively. The observation of this study was in contrast to our study that showed statistically significant decline in AFC of the operated ovary postoperatively. The decline in AFC showed a correlation to loss of follicles on histopathological analysis of the cyst wall (Table 4 ). Hence, the stripping technique of endometrioma cystectomy can cause ovarian trauma and result in loss of ovarian follicles and lead to decline in ovarian reserve.
Limitations of the Study
The sample size was small, as only 41 patients formed the part of the study. Ovarian reserve parameters (AMH and AFC) were assessed only once (1 month later) following cystectomy. Hence, long-term effect of cystectomy on the ovarian reserve could not be assessed. Cystectomy only by stripping technique was analyzed in the present study.
CONCLUSION
The results of this study showed that laparoscopic cystectomy caused further reduction of ovarian reserve as reflected by postoperative assessment of AMH and AFC. Bearing this fact in mind, surgery should be done meticulously. The study also demonstrated that bilateral endometriomas are associated with reduced ovarian reserve measured by serum AMH and ultrasonographic assessment of AFC. The present study also shows that smaller cysts are associated with profound decline in the ovarian reserve. Hence, cystectomy may be safer in larger cysts. From the above study, we also conclude that more than one mechanism is responsible for postoperative decline in ovarian reserve parameters, and though all of our patients had a decline in AMH and AFC during their follow-up period, only a small percentage actually showed loss of follicles by cyst wall analysis.
